Signaling mechanisms that mediate nitric oxide production induced by acetylcholine exposure and withdrawal in cat atrial myocytes.
Fluorescence microscopy and the NO-sensitive indicator 4,5-diaminofluorescein were used to determine the effects of acetylcholine (ACh) on intracellular NO (NOi) in cat atrial myocytes. Field stimulation (1 Hz) of cells or exposure of quiescent cells to ACh (1 to 10 micromol/L) had no effect on NOi. However, in field-stimulated cells, ACh exposure increased NOi, and ACh withdrawal elicited an additional, prominent increase in NOi production. During ACh exposure, addition of 1 micromol/L atropine increased NOi production similar to ACh withdrawal. ACh-induced increases in NOi were reduced by prior exposure to 1 mmol/L extracellular Ca2+ ([Ca2+]o) and prevented by 0.5 mmol/L [Ca2+]o, 1 micromol/L verapamil, 1 micromol/L atropine, 10 micromol/L L-N5-(1-iminoethyl)ornithine, 10 micromol/L W-7, or incubating cells in pertussis toxin or 10 micromol/L LY294002 (inhibits phosphatidylinositol 3-kinase). Switching to 0.5 mmol/L [Ca2+]o during ACh withdrawal prevented the additional increase in NOi. ACh exposure increased phosphorylation (Ser473) of protein kinase B (Akt), and this effect was blocked by LY294002 and unaffected in low (0.5 mmol/L) [Ca2+]o. Confocal microscopy revealed that ACh exposure increased NOi at local subsarcolemmal sites, and ACh withdrawal additionally increased NOi by recruiting additional subsarcolemmal release sites. Disruption of caveolae by 2 mmol/L methyl-beta-cyclodextrin abolished ACh-induced NOi production. We conclude that in cat atrial myocytes, ACh stimulates NOi release from local subsarcolemmal sites. ACh-induced increases in NOi requires both muscarinic receptor-mediated Gi protein/phosphatidylinositol 3-kinase/Akt signaling and voltage-activated Ca2+ influx for stimulation of calmodulin-dependent endothelial NO synthase activity. Increases in NOi elicited by ACh withdrawal result from the recovery of Ca2+ influx after ACh inhibition. NO signaling elicited by ACh withdrawal stimulates rapid recovery from cholinergic atrial inhibition.